Introduction {#sec1-1}
============

Aging is affected by a genetic program as well as by cumulative environmental and endogenous insults that take place throughout the organism\'s life span.\[[@ref1]\] There are two main processes that induce skin aging; intrinsic (chronological aging) in sun protected skin and extrinsic (photoaging) in sun-exposed areas. Intrinsic aging reflects the genetic background and depends on time.\[[@ref2]\] Understanding the aging process is important, because the proportion of individuals 55 years or older is continuously increasing. It is predicted to be 31% in the USA in the year 2030 with similar demographic shifts predicted for Europe and Japan.\[[@ref1]\] To effectively manage skin diseases of the elderly and to use the proper intervention modalities to reverse cutaneous aging, it is important to be familiar with the clinical and histological changes that accompany skin aging.\[[@ref3]\] Understanding the molecular mechanisms of aging may open new strategies in dealing with various diseases accompanying aging.\[[@ref4]\]

The most noticed morphological modification of skin aging in sun-protected areas (intrinsic aging) is the progressive loss of skin tissue. This loss of skin tissue can be attributed to several factors such as loss of cells. Cell loss concerns both the epidermal and dermal layers\[[@ref5]\] and decreased cell proliferation.\[[@ref6]\] In self-renewing tissue like the epidermis, cell numbers are tightly regulated by a delicate balance between proliferation, terminal differentiation and apoptosis.\[[@ref7]\] Dysfunction of any one of these processes can result in either uncontrolled cell growth or uncontrolled cell death.\[[@ref8]\] Many reports have demonstrated that apoptosis is among the most important molecular processes involved in skin aging.\[[@ref4][@ref9]\] Apoptosis, which is often equated with programmed cell death, is a physiological form of cell death that is responsible for the deletion of cells. Initiation of apoptosis occurs principally by signals from two distinct but convergent pathways; the intrinsic, or mitochondrial, pathway and the extrinsic, or receptor-initiated, pathway.\[[@ref10]\] Death receptors (DRs) are a family of membrane receptors, also named tumor necrosis factor receptor (TNF-R), that transduce pro-apoptotic signals from the extracellular space into the intracellular milieu.\[[@ref11]\] Fas is a member of the DRs (also referred to as CD95 or APO- 1). It is a 48-kDa 319 amino acids member of the TNF\\nerve growth factor receptor family\[[@ref12]\]). Its main function is the induction of apoptosis in many cell types including human keratinocytes.\[[@ref13]\] Triggering of CD95 molecules (Fas) either by agonist antibodies or by the natural ligand CD95L (FasL) induces apoptosis.\[[@ref14]\] In normal epidermis, Fas is expressed by basal and suprabasal keratinocytes.\[[@ref15]\]

The aim of this study was to determine the role of a Fas (CD95) molecule in changes of human epidermis, collagen, and elastic fibers of human dermis in sun-protected nondiseased skin of aged subjects, compared with young controls.

Materials and Methods {#sec1-2}
=====================

This study included 37 patients, 22 represented the old group (age range 48-75 years); 9 males and 13 females. 15 represented the young group (age range 18-28 years); 10 males and 5 females. Smokers, obese subjects, patients with diabetes, malignancy were excluded from the study.

All patients underwent surgical procedures in plastic surgery (Air Force Military Hospital, Dar El- Shefa Hospital and Manshiat El- Bakery Hospital, Cairo, Egypt). A written informed consent was obtained from all subjects.

Methods {#sec1-3}
=======

 {#sec2-1}

### Skin biopsy specimens {#sec3-1}

One centimeter normal skin specimen was taken from the back. All specimens were fixed in neutral buffered formalin (PH7.2), processed, paraffin embedded blocks were prepared and sections were put on adhesive slides. Hematoxylin and eosin stained sections were used for routine histopathological examinations.

### Morphometric analysis {#sec3-2}

Histological assessment was performed by routine light microscopy of the histological preparation. Measurement of the epidermal thickness (morphometry) was carried out in the vertical plane with an image analyzer optical micrometer (Image-G, 1036, USA) in the Pathology Department, Faculty of Medicine for Girls, Al-Azhar University. Measurements were taken at a minimum of 10 points along the epidermis and the mean±standard deviation (SD) was calculated.

### Assessment of collagen fibers degeneration {#sec3-3}

Sections were stained with Masson trichrome stain.\[[@ref16]\] Histological assessment was performed by routine light microscopy of the histological preparation. Scoring of collagen bundles was done as follows:

0 = Thick and/or rich blue collagen bundles

1 = Moderate thickness collagen bundles

2 = Thin, loose, and \\or fragmented collagen bundles.

### Assessment of elastic fiber degeneration {#sec3-4}

Sections were stained with Orcein stain.\[[@ref16]\] Histological assessment was performed by routine light microscopy of the histological preparation. Scoring of elastic fibers was done as follows:

0 = Rich elastic fibers

1 = Moderate thickness elastic fibers

2 = Thin, short, loose, and fragmented elastic fibers.

### Fas immunostaining {#sec3-5}

Sections were deparaffinized, rehydrated, and incubated in hydrogen peroxide block for 10-15 minutes to reduce nonspecific background staining due to endogenous peroxidase and sections were washed two times in the buffer. Sections were incubated in digestive enzymes, washed four times in the buffer. Monoclonal mouse anti-Fas (APO-1) antibody (Thermo Fisher Scientific Laboratories, Fremont, USA) was applied to the sections and then incubated and washed four times in the buffer. Biotinylated goat antipolyvalent was applied to sections and incubated for 10 minutes at room temperature and washed four times in the buffer. Streptavidin peroxidase was applied to sections and incubated for 10 minutes at room temperature, and rinsed four times in the buffer. One drop (40 μl) DAB Plus Chromogen and 2 ml of DAB plus substrate were mixed by swirling and were applied to the sections, and the sections were incubated for 5-15 minutes. Finally, permanent mounting media sections were counterstained and coverslip was put.

### Statistical analysis {#sec3-6}

Data were coded and entered using the statistical package SPSS version 15 (SPSS Inc., Chicago, Illinois, USA). Data were summarized using range and mean±standard deviation (SD) for quantitative variables and numbers and percentages for qualitative variables. Comparison between groups were done using a chi-square test for qualitative variables. Independent sample *t*-test was used for normally distributed quantitative variables. Pearson\'s correlation co-efficient (r) test was used to test for linear correlation between quantitative variables. *P*≤0.05 was considered statistically significant.

Results {#sec1-4}
=======

A significant difference (*P*\<0.05) was found between the mean epidermal thickness of old group skin (21.81±5.4 μm) and that of the young group skin (39.84±7.4 μm) \[[Table 1](#T1){ref-type="table"}, [Figure 1](#F1){ref-type="fig"}\].

###### 

Comparison between thickness of the epidermis of old and young groups

![](IJD-57-181-g001)

![(a) Young skin showing normal epidermis and dermis with the mean epidermal measurement of 37.4±7 μm. (b) Aged skin showing thinning of the epidermis and flattening of the dermoepidermal junction with the mean epidermal measurement of 17.6±8 μm (H and E, ×100)](IJD-57-181-g002){#F1}

Masson trichrome staining revealed that in the old group, thin, loose, and/or fragmented collagen bundles (score 2) were found in 17 of 22 old subjects (77.3%), moderate thickness collagen bundles (score 1) were found in 1 of 22 old subjects (4.5%). Thick and/or rich blue collagen bundles (score 0) were found in 4 of 22 old subjects (18.2%). In the young group, thick and/or rich blue collagen bundles (score 0) were noted in 11 subjects (73.3%). Moderate thickness collagen bundles (score 1) were found in 4 of 15 young subjects (26.7%). Thin, fine, loose, and/or fragmented collagen bundles (score 2) were not found in the young group \[[Table 2](#T2){ref-type="table"}, [Figure 2](#F2){ref-type="fig"}\].

###### 

Comparison between Masson trichrome staining of collagen fibers of the old versus young groups

![](IJD-57-181-g003)

![(a) Biopsy of young skin showing thick bundles of collagen bundles. (b) Biopsy of aged skin showing thin and loose collagen fibers (Masson-Trichrome ×100)](IJD-57-181-g004){#F2}

Orcein staining for elastic fibres elicited thin, short, loose, and fragmented elastic fibers (score 2) in 14 of 22 old subjects (63.6%), moderately thickened fibers (score 1) were noticed in 4 of 22 old subjects (18.2%), rich elastic fibers (score 0) were found in 4 of 22 old subjects (18.2%) in papillary, mid, and reticular dermis. Degenerative changes of elastic fibers were most pronounced in the upper than reticular dermis. In the young group, rich elastic fibers (score 0) were noted in 13 of the 15 subjects (87.7%), moderately thickened fibers (score 1) were noted in 2 of 15 subjects (13.3%). No thin short loose and fragmented elastic fibers (score 2) were noticed in the young group \[[Table 3](#T3){ref-type="table"}, [Figure 3](#F3){ref-type="fig"}\].

###### 

Comparison between Orcein staining of elastic fibers of the old and young groups

![](IJD-57-181-g005)

![(a) Section from young skin showing high content of elastic fibers in the dermis. (b) Section from old skin showing thin, short, loose, and fragmented elastic fibers (Orcein ×100)](IJD-57-181-g006){#F3}

Immunohistochemical staining for Fas expression of the epidermis revealed increased Fas expression in the epidermal keratinocytes below the granular layer of the old group compared with that of the young group \[Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}\]. Fas expression was positive in 19 of 22 old subjects (86.4%) compared to 2 of the 15 young subjects (13.3%) \[[Table 4](#T4){ref-type="table"}\].

![Young skin immunostained for FAS; negative expression of the epitope (FAS immunostain counterstained by H and E, ×200)](IJD-57-181-g007){#F4}

![Aged skin immunostained for FAS; expression of the epitope is mainly in the basal keratinocytes (FAS immunostain counterstained by H and E, ×100 and 200)](IJD-57-181-g008){#F5}

###### 

Comparison between Fas expression in the epidermis of old and young groups

![](IJD-57-181-g009)

Correlation between age of old subjects and each of epidermal thickness, thickness of collagen fibers or elastic fibers was nonsignificant \[[Table 5](#T5){ref-type="table"}\].

###### 

Correlation between age of the old subjects and each of epidermal thickness, collagen, and elastic fibers degeneration

![](IJD-57-181-g010)

Discussion {#sec1-5}
==========

In the present study, specimens of normal skin were obtained from normal unexposed areas of the back of 22 old subjects with age range of 48-75 years as the old group and 15 young subjects with age range of 18-28 years as the young group as Yaar and Gilchrest\[[@ref17]\] mentioned that decline in skin and aging start at age 40 years.

The current study demonstrated that the mean epidermal thickness of the old group is significantly decreased (21.81±5.4 μm) compared with the young group (39.84±7.4 μm). Similar finding was reported by Yaar and Gilchrest\[[@ref18]\] and Gilhar *et al*.\[[@ref19]\] who stated that human epidermis showed decreased epidermal thickness in aged versus young skin. This is in contrast with another study\[[@ref20]\] that showed that the mean epidermal thickness remained constant throughout different decades whether in sun-exposed or sun-protected skin; however, the epidermis is always significantly thicker in sun-exposed than in sun-protected skin. Yaar and Gilchrest\[[@ref18]\] stated that in sun-exposed areas, individuals with skin types III-V show an irregular epidermal thickness.

The current study showed changes in the collagen and elastic fibers in skin of the old group versus young group. Masson trichrome staining for collagen showed thin, loose, fine, and fragmented collagen bundles in 17 out of 22 old subjects (77.3%). Moderate thickness collagen bundles were noticed in 1 out of 22 old subjects (4.5%). Thick, rich blue collagen bundles were noticed in 4 out of 22 old subjects (18.2%) while the young group showed thick and/or rich blue collagen bundles in 11 out of 15 young subjects (73.3%). Moderate thickness collagen bundles were noticed in 4 out of 15 young subjects (26.7%). Thin, fine, and/or loose collagen bundles were not found in any of the young subjects. These results supported the study done by El-Domyati *et al*.\[[@ref20]\] where they demonstrated quantitative as well as qualitative changes in the collagen fibers through different decades. There is a gradual reduction in the amount of collagen fibers in the protected skin particularly in the eighth decade. In 2008, Uitto\[[@ref21]\] reported that the intrinsic aging has a dramatic effect on the network of collagen fibers of human skin. Naturally aged skin shows loss of collagen due to increased MMP-1 expression, in addition to the lower levels of collagen synthesized by aged fibroblasts.\[[@ref22]\] Mammone *et al*.\[[@ref23]\] reported increased apoptosis in senescent fibroblasts.

Staining with Orcein to identify the changes of elastic fibers with aging revealed, thin, short, and fragmented elastic bundles in 14 out of 22 old subjects (63.6%). Moderate thickness fibers were noticed in 4 out of 22 old patients (18.2%). Rich elastic fibers in papillary and reticular dermis were noticed in 4 out of 22 old patients (18.2%). On the other hand, the young group showed rich elastic fibers in 13 out of 15 young subjects (87.7%) and moderately thickened fibers were noticed in 2 out of 15 young subjects (13.3%). Thin, short, loose, and fragmented elastic bundles were not found in any of the young subjects. These results were in agreement with Uitto\[[@ref21]\] who showed that in naturally aged skin there is a clear degeneration of the elastic fibers network. Similar finding was reported by El-Domyati *et al*.\[[@ref20]\] who found that in sun-protected skin, the transverse layer of elastic fibers gradually thinned out with age and also the amount of elastin significantly decreases with age. In exposed skin, quantitative as well as qualitative changes in the elastic and collagen fibers through different decades were reported in sun exposed areas. There is a gradual accumulation of elastin accompanied by a gradual reduction in the amount of collagen fibers. Accordingly, the areas of absent collagen staining in the dermis correlate well with the sites occupied by the deposited elastotic material.\[[@ref20]\]

In the present study, correlation between age in the old skin group and each of epidermal thickness, collagen, and/or elastic fibers degeneration was not significant. This absence of correlation could be due to the multiple factors such as hormonal, genetic, and nutritional that can influence dramatically the intrinsic rate of skin aging in any individual.\[[@ref24]\] In this study, the relation between sex in the old skin group and thickness of collagen and/or elastic fibers was not significant. This was also reported by Quaglino *et al*.\[[@ref25]\] who found no difference between males and females after 50 years of age in collagen and elastic fibers. Struck\[[@ref26]\] suggested that other exogenous factors such as nutrition, immobilization, activity, and adaptive mechanisms influence the biomechanical properties of connective tissue during aging. This is in contrast with a study carried out by Dong *et al*.\[[@ref27]\] who found that during the menopausal years, the loss of estrogen production accelerates skin changes. Collagen and elastin impart strength and resilience to skin, and their degeneration with aging causes skin to become fragile, and aged in appearance. The abrupt estrogen level reduction in postmenopausal women may accelerate age-dependent reduced collagen synthesis, leading to greater collagen deficiency in elderly women than in men.

Immunohistochemical staining for Fas was carried out to detect Fas expression in the epidermis. The results of the current study revealed that the epidermis of the old group showed a significantly greater Fas expression than that of the young group. Nineteen patients out of 22 of old patients (86.4%) showed positive Fas expression. Fas expression was positive in 2 subjects out of 15 of young patients (13.3%). Fas expression was scattered through the basal and spinous layers. This is in accordance with a study done by Gilhar *et al*.\[[@ref19]\] who confirmed that Fas expression of epidermal keratinocytes was elevated in aged relative to young epidermis. They stated that in aged epidermis, Fas expression was not located within the granular layer but scattered throughout the basal and spinous layers in a similar distribution to the apoptotic TUNEL-positive cells while TUNEL-positive keratinocytes, which occur at the granular layer as part of keratinocyte terminal differentiation, do not appear to be related to Fas. This could be given the following explanation: keratinocyte terminal differentiation differs from apoptosis. Pro-grammed cell death occurs during the terminal differentiation of keratinocytes, a phenomenon known as cornification. Although sharing common features including caspase-3 activation, activation of endonucleases, and degradation of DNA and result in cells positive for the terminal deoxynucleotidyl transferase (TdT)-mediated deoxyuridine triphosphate nick end labeling (TUNEL) reaction but cornification and apoptosis are thought to be two distinct mecha-nisms in the epidermis\[[@ref28]\] and there is no evidence for a role of DRs in the formation of the stratum corneum. Moreover, there exists indi-rect evidence that DRs do not play a major role in keratinocyte differentiation because mice deficient for Fas (Ipr/lpr), FasL (gld/gld) or TRAIL exhibit normal skin and in humans; no sign of impaired formation of the stratum corneum has been observed in pa-tients with lymphoproliferative syndromes caused by Fas or FasL mutations,\[[@ref15]\] so in young epidermis, keratinocytes with DNA strand breaks (TUNEL-positive) are limited to the granular layer, where they represent part of normal terminal differentiation, are distinct from apoptosis. In contrast, TUNEL-positive cells in aged epidermis were found not only within the granular layer, but scattered throughout the whole epidermis. TUNEL-positive keratinocytes below the granular layer are associated with apoptosis. Apoptosis of keratinocytes in the basal and spinous layers, combined with the impaired cell proliferation of the basal layer, may lead to the decreased overall thickness of the aged epidermis.\[[@ref19]\]

According to the results of the current study we conclude that the decreased epidermal thickness and morphological alteration of collagen and elastic fibers are not correlated with the age and Fas-mediated apoptosis could be involved in thinning of the epidermis in unexposed aged skin.
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